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© Improvements in surgical apparatus. 



© Surgical apparatus comprises a waveguide, for 
example an optical fibre (3), through which laser 
energy is applied to tissues for such purposes as 
ablation of atheroma, destruction of calculi and 
lithotripsy. The fibre is provided with an end-piece 
(4) through which it passes, and terminates flush 
with its distal end. For various applications at least 
the tip (14) of the end-piece may be made either 
highly reflective or highly absorptive of the laser 
radiation. A balloon catheter (5) may be fitted over 
the fibre. The end-piece may be provided with sens- 
ing means (15). 
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IMPROVEMENTS IN SURGICAL APPARATUS. 



The present invention relates to surgical ap- 
paratus. 

There are many medical applications in which 
it is desired to deliver laser energy through a fibre- 5 
optic or similar waveguide device into soft tissues, 
or into a viscus, for treatment or diagnosis. These 
include the ablation of tissue such as tumours or 
atheroma, the destruction of calculi in the biliary 
tree, bladder or ureters, heating for the coagulation w 
of bleeding vessels, and treatment of tumours and 
other lesions by photodynamic therapy or hyper- 
thermia. The lasers used may produce either pul- 
sed or continuous-wave light of wavelengths rang- 
ing from the ultra-violet to the far infra-red. 75 

When optic fibres are used they comprise a 
core of transparent material of a first refractive 
index with a cladding of material of a higher refrac- 
tive index. Usually both core and cladding are of 
suitably doped silica glass, in addition, most fibres 20 
have an outer layer which adds to the strength of 
the fibre and protects its surface. This outer layer 
is referred to as the buffer. In some cases an outer 
protective sheath, usually in the form of a spiral or 
braid of stainless steel wire, may be added. Glass- 2s 
es are not, in general, transparent in the far infra- 
red region, and tubular waveguides are being de- 
veloped for use in that region. 

For angioplasty silica glass optic fibres are 
suitable, used with a wide range of wavelengths . 30 
The choice of fibre diameter is a compromise 
between the flexibility necessary to enable it to be 
introduced to the site at which it is required, and 
the requirements of mechanical strength and safety 
and power-handling capacity. Fibres of the materi- 35 
ais commonly employed with a diameter of more 
than about 600 micro-metres are not flexible 
enough for percutaneous introduction into the larg- 
er vessels, and for the smaller distal leg vessels or 
coronary vessels a fibre of not more than 200-300 40 
micro-metres diameter is required. Loss of laser 
power through the cladding also sets a limit to the 
minimum radius of curvature through which the 
fibre can be bent, and this, too, depends on the 
fibre diameter. 45 

The ends of bare optical fibres of the dimen- 
sions mentioned are sufficiently fine and sharp to 
penetrate the wall of a viscus instead of passing 
smoothly along its lumen, and various methods 
have been tried to overcome this problem. 50 

In one such method a metal end-cap has been 
fitted over the tip of the fibres. The energy is then 
entirely converted to heat, and it is contact with the 
hot end which causes ablation. Short pulses cannot 
be used with this device, because of the very high 



temperatures that are produced momentarily at the 
junction of the metal with the fibre, and also, be- 
cause the metal has a high thermal conductivity, 
the whole of the metal tip is heated, causing dam- 
age to the vessel wall or blood constituents. 

In another method a sapphire tip has been 
used. The surface of highly polished sapphire is 
difficult to bond, and secure junctions between 
optic fibres and sapphire cannot be produced. For 
this reason the sapphire is mounted on a metal 
connector fixed to a catheter through which the 
fibre is passed. Such a device is thick and inflexi- 
ble, making it unsuitable for use in small blood 
vessels or where it is required to pass a balloon 
catheter over it. Also, it is difficult to maintain the 
position of the fibre with respect to the sapphire, 
and the junction may become contaminated with 
charred blood. Since the refractive index of sap- 
phire is higher than that of the fibre there is a heat 
loss at the interface and the metal tip becomes 
heated, with the disadvantages mentioned above. 

Ball- or lens- tipped devices have been pro- 
posed, and these can be readily formed merely by 
melting the tip of a silica-glass optic fibre. There 
are, however, doubts about the mechanical 
strength and safety of such tips, particularly after 
exposure to heat, laser light and the mechanical 
stresses of clinical use. A supporting structure, for 
example a metal collar, can be employed, but this 
will become heated in use, again with the disadvan- 
tages mentioned above. 

An object of the invention is to provide im- 
proved apparatus of this general kind which is less 
subject to these disadvantages. 

In the case of vascular tissue exposed to near 
infra-red radiation from a neodymium-YAG laser it 
has been shown that 30%-40% of the incident light 
is back-scattered from the surface being irradiated. 
This back-scattered light may also cause damage 
to tissues or to the device itself, as described 
above. We have demonstrated, by theoretical mod- 
elling, and also with the aid of a thermal camera, 
that this back-scattered radiation causes heating of 
the modified fibre tip. 

In the present invention, which is defined in the 
claims appended hereto, use is made of this back- 
scattered radiation. Instead of an end-cap the 
waveguide has an end-piece in the form of a bead, 
the waveguide passing right through the end-piece 
and terminating at its distal end, so that it can 
come close to, or into actual contact with, the 
tissue to be treated. Because there is no interface 
within the tip at which any part of the laser light 
can be dissipated, an optic fibre used in this way 
should be capable of transmitting as much energy 
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as a bare fibre. The end of the fibre should be 
flush with the tip of the end-piece - if it protrudes it 
may cause tissue damage, while if it is shorter it 
will form a recess which may accumulate charred 
fibrin and blood cells. 

For angioplasty, the device is preferably used 
with a pulsed laser. It has been shown that by 
using pulses which are short compared with the 
thermal relaxation time of the irradiated tissue, it is 
possible to vaporise a small region of tissue with- 
out much transfer of heat to the surrounding tis- 
sues. For such applications as ablation a highly 
reflecting material such as polished metal is most 
suitable for the end-piece, so that the back-scat- 
tered light is reflected back again directly into the 
region being treated. Stainless steel is a suitable 
metal. 

In applications where some heating is required, 
such as for haemostasis, radiation which penetrates 
further into the tisues, such as red or infra-red, may 
be preferred. It may also be preferable to make the 
end-piece of a material which absorbs radiation at 
the laser wavelength. The radiation back-scattered 
from the tissue being treated will be incident on the 
front surface of the end-piece, which is in contact 
with the tissue being treated. By using a poor 
thermal conductor, such as a ceramic material, for 
the end-piece, and applying power at a low level, 
or for periods which are short compared with the 
time required for conduction within the end-piece, 
high temperatures may be produced at the 
waveguide tip and a small surrounding region at 
the front surface of the end-piece without the ex- 
cessive heating at the sides and back which occurs 
with metal end-caps. 

The end-piece may incorporate a sensing de- 
vice for measuring power, temperature, pressure, 
etc. The device may also comprise an optical fibre, 
allowing the intensity of radiation at the end-piece 
to be monitored, or the treatment process to be 
controlled. The sensing device may provide in- 
formation for diagnostic purposes, or it may form 
part of a feedback loop for controlling the laser 
output. 

In certain applications the mechanical strength 
of the attachment of the end-piece may be the 
main concern, for example in lithotripsy, where it 
may be required to shatter a calculus in contact 
with the tip. In these cases a fibre may be used 
which is sheathed with a spiral or braid of wire, for 
example of stainless steel, and the end-piece may 
be of metal attached to the sheath. 

A single device comprising an optic fibre and 
end-piece may be used for different purposes, 
since the fibre should be capable of transmitting a 
large range of wavelengths and pulse energies. For 
example, a pulsed laser at a slow repetition rate 
with a high pulse energy may be used for cutting 



or ablation, and the laser may then be switched to 
continuous-wave or low-energy rapid-pulse output 
for coagulation. Such an arrangement would have 
application in many areas of surgery, 
s The invention will be further described with 
reference to the accompanying drawings, in which 

Figure 1 shows diagrammatically the appara- 
tus of the present invention, 

Figure 2 is an enlarged section of the tip of 
10 the optic fibre and its end-piece, with a balloon 
catheter in place on the fibre, 

Figure 3 is an enlarged section of a modified 
form of fibre tip, and 

Figures 4(a) and 4(b) show the use of a wire 
15 for guiding the fibre into position in a blood-vessel. 

Referring first to Figure 1 , the apparatus com- 
prises a laser 1 coupled by a connector 2 to a 
waveguide 3, which, in the example to be de- 

20 scribed, is assumed to be a fibre of silica glass 
with a doped silica glass cladding and a biologially 
inert plastic sheath. The fibre terminates in an end- 
piece 4, which will be described more fully below 
in connection with Figure 2. 

25 A balloon catheter 5 is mounted on the fibre 3 
so as to be free to slide along it. This has an 
inflatable balloon 6, and is provided with a pair of 
channels 7, 8 for inflation and for the introduction of 
perfusion saline. 

30 Figure 2 is a section on a larger scale of the 
fibre tip and a portion of the balloon catheter. The 
fibre 3 has an outer buffer 10, over which is a 
sheath of braided steel wire 11. The end of the 
fibre passes into a metal end-piece 4 in the form of 

35 a rounded bead, and terminates at 13, flush with 
the extremity of the bead. The bead is secured to 
the sheath 1 1 by adhesive or solder of a composi- 
tion which is not irritant to body tissues. The bal- 
loon catheter, the balloon portion 6 of which is 

40 shown diagrammatically in the Figure, slides over 
the fibre and its sheath. 

In use of the apparatus for angioplasty, for 
example, it is inserted into the artery and fed 
forward until it reaches the atheromatous obstruc- 
ts tion it is desired to treat, the rounded tip presented 
by the metal bead surrounding the fibre end ensur- 
ing that this can be done with minimal risk of 
damaging the artery wall. Brief pulses of energy 
from the laser, preferably of less than 1 millisecond 

so duration, are then transmitted down the fibre, and 
emerge at the fibre end 13 to cause ablation of the 
tissue in contact with this end. A substantial pro- 
portion of this energy is back-reflected and strikes 
the surface of the bead in the region 14 imme- 

55 diately surrounding the fibre tip. Since the end- 
piece is of metal and reflects strongly at the laser 
wavelength, almost all of this energy is reflected 
back again into the tissues being ablated and in the 
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region immediately surrounding the fibre tip, and 
scarcely any is dissipated in heating the end-piece. 

Angioplasty may be carried out using a 
neodymium-YAG laser having a wavelength of 
1064 nanometers, and using pul8es of 100 micro- 
second duration at a repetition rate of 10 Hz. Suit- 
able pulse energies are in the range 0.3-0.7 J per 
pulse. For angioplasty, the most useful fibres are of 
diameters ranging from 200 to 600 micrometers 
with end-piece diameters of 1-2 mm. Of these, the 
larger sizes would be suitable for femoral or iliac 
vessels, and the smaller for coronary arteries, or 
leg arteries below the knee. 

For lithotripsy a pulsed dye laser operating in 
the visible region and producing pulses of about 1 
microsecond may be used. 

In the apparatus so far described the fibre may 
either be cemented into the end-piece, or it may 
be free. If free, it may be made removable from the 
end-piece and sheath, so that it may be replaced 
by a thin guide-wire, and another device, such as a 
different size of balloon catheter or dilator, may be 
inserted along the guide-wire. 

For some purposes, for example haemostasis 
or the hyperthermic treatment of tumours, the de- 
vice of the invention may be so designed and 
proportioned that it can readily be introduced into 
the body through an endoscope, or through a can- 
nula. 

In an alternative form of the apparatus the 
braided sheath is not employed, and the end-piece 
is cemented directly to the fibre, the balloon cath- 
eter, if one is used, sliding directly over the fibre 
sheath. This provides a more flexible structure, and 
allows a rather thicker fibre to be used. 

For use in applications such as thermal coagu- 
lation, where a thermal effect at a lower tempera- 
ture is required instead of ablation, at ieast the tip 
region 14 may be of a material which absorbs the 
laser energy instead of reflecting it. By this means 
the tip region itself becomes heated and is effec- 
tive in causing coagulation. Preferably in this case 
the body of the end-piece is of a poor thermal 
conductor, so helping to concentrate the heating in 
the region immediately surrounding the tip, and 
avoiding excessive heating of the rear part of the 
end-piece, where it might cause undesired effects. 
In this case, also, a rapid pulse repetition rate, or a 
continuous wave laser, may be appropriate. 

The end-piece may be provided with means for 
sensing the energy supplied at the fibre tip, or for 
observing the progress of changes taking place. By 
such means the operator may ensure that the 
apparatus is functioning correctly, or it may provide 
a feedback path for control of the energy supplied. 
The means may comprise a thermocouple or other 
measuring device, or it may consist of a second 
optical fibre having its extremity in juxta-position to 



the main fibre. Such a second fibre may be coup- 
led to optical means enabling the changes taking 
place to be monitored directly, or to a detector or 
measuring device, enabling the supply of energy to 
s the tissues to be checked. The detector may form 
part of a feedback circuit controlling the operation 
of the laser. 

Figure 3 shows, in section, an end-piece of a 
generally similar form to that of Figure 1, but 

10 provided with such a sensing fibre, in this Figure 
the main fibre 3 conveying energy from the laser 
for ablation has a second fibre 15 lying alongside 
it, and terminating closely adjacent to its tip 13. 
This fibre serves for sensing purposes, leading 

75 back to an indicating instrument (not shown in the 
drawing). When the apparatus is in use the ab- 
sence of a reading on this instrument, or the occur- 
rence of readings different from those normally 
obtained, will alert the operator to the need for 

20 adjustment. 

in an alternative arrangement not shown in the 
drawings, a guide wire with a curved flexible tip 
passes through a catheter 'alongside the fibre and 
through a channel drilled through the bead. The 

25 guide wire is used to guide the bead and fibre 
through the vessel in a known manner, and may be 
withdrawn once the fibre has been correctly posi- 
tioned. 

Figures 4(a) and 4(b) show an arrangement in 
30 which a guide wire 17 passes through a series of 
guides 18 along the fibre and then through a chan- 
nel drilled through the bead 4. The end of this wire 
is enlarged, as shown at 20, so that the bead 4 
cannot pass over it By altering the tension applied 
35 to the wire and rotating the device it may be 
guided under X-ray fluoroscopy so as to follow the 
curvature of a blood-vessel, or to direct the fibre tip 
along a desired branch of the vessel. The wire, with 
its enlarged head, serves also as an additional 
40 safeguard against accidental detachment of the fi- 
bre tip. 

When a channel has been made through a 
blockage in a blood-vessel and the tip of the de- 
vice has passed beyond it, the bead and optic fibre 
45 may be withdrawn, leaving the wire in place. A 
balloon catheter may then be inserted over the 
guide wire to enable balloon angioplasty to be 
carried out in the usual way. 

50 

Claims 

1. Surgical apparatus comprising a laser (1) 
coupled to an optic waveguide (3) for the laser 
55 radiation, the waveguide being of a form adapted 
for percutaneous insertion into a viscus and with an 
end-piece (4) surrounding the waveguide end, 
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characterised in that the waveguide extends 
through the end-piece and terminates flush with its 
distal end. 

2. Surgical apparatus according to claim 1 In 
which at least the extremity of the end-piece sur- s 
rounding the waveguide end (13) is composed of a 
material which is strongly reflective at the laser 
wavelength. 

3. Surgical apparatus according to claim 1 in 
which the laser delivers energy in pulses of less to 
than one millisecond duration, each pulse being of 

an energy sufficient to cause ablation of tissue at 
the waveguide tip. 

4. Surgical apparatus according to claim 1 or 
claim 2 in which at least the extremity of the end- 75 
piece surrounding the waveguide end is strongly 
absorptive at the laser wavelength and the end- 
piece is of a material which is a poor thermal 
conductor. 

5. Surgical apparatus according to any preced- 20 
ing ciaim in which the waveguide comprises an 
optic fibre. 

6. Surgical apparatus according to claim 5 in 
which the fibre is protected by a spiral or braided 

wire sheath (11) and the end-piece is attached to 25 
the wire. 

7. Surgical apparatus according to claim 6 in 
which the fibre is removable from the sheath and 
end-piece to enable the fibre to be replaced by a 
guide-wire. 30 

8. Surgical apparatus according to any preced- 
ing claim in which the end-piece is provided with 
sensing means (15) for sensing the amount of 
energy delivered to the active end of the device. 

9. Surgical apparatus according to any preced- 35 
ing claim so shaped and dimensioned as to allow it 

to be inserted through an endoscope or a cannula. 

10. Surgical apparatus according to any pre- 
ceding claim in which the waveguide carries a 
balloon catheter (5) which is free to slide along the 40 
guide. 

11. Surgical apparatus according to any of 
claims 1 to 6 in which the waveguide carries a wire 
(17) which is retained in guides (19) alongside the 
waveguide, passes through a channel in the end- 45 
piece, and is provided at its end with means pre- 
venting it from being withdrawn through the chan- 
nel. 
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